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surface for a group of 104 male subjects were

. made. Area was found to vary with height and weight and to increase with age up to

pounds/sq. in. for average pressure

years after which there s a steady decline. Means were 1794 sq. in. for area and

" Sitting contact area was found to increase with experimentally applied force of
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pressure distribution in the sitting
supported on 8% of the sitting area. This high pressure aren s under or
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INTRODUCTION

A study of pressures and contact areas in the
seated position has been in pro
f;r somehtime. 'I'h;eﬂmults of m

ve application in designing more
seatingpto lessen the dl.;ﬁ:&on and fatigue of
crew and ps geudminglongﬂi'ﬁtx. The
results will also have application t¢' the import-
ant problem of preventing and other
injuries which cin result from the vertical com-

report of preliminary ts presents

; and areas ohserved at _con;a:tmsur-

ces of men sitting on a ri plane ce,
The data obtained from tlﬁ‘sd’ seating
arrangement are necessary for understanding

at CARI

arms, and a slightly sloping seat back.

force and area relationships in more complex
seating designs.

Four different kinds of measurements are
reported: .

I. Measurement of sitting area of a
group of male subjects 17-74 years of
age.

I1. Variations of the sittin _contact area

' IIL Determination of distribution of pressure
over the sitting area.

IV. Evaluation of the use of chair arms, seat

back, and foot rest as aids for reducing

sitting pressures.



g

paper the Ditzen “Directo” process and

1. MEASUREMENT OF SITTING AREA

ma'll;radnb;’;o:amofcontaﬂiwmmadeon{acd
su sitting on t-
form (Fig. 1). Nouthatthehmmn .

to the bend of the knees in order to record

maximum sitting area. Area tracings on the
plastic platform were transferred to sensitized

with a planimeter.
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Figure 2. Sitting area (average per age groups)
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L. MEASUREMENT OF SITTING AREA
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Figure 2-shows an increase in sitting area
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Table 1. Summary Data of Sitting Area
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Figure 3 is a plot of weight and area. Note Aren (in*) 101-268.4 1794
that there is a positive relation between-weiﬂt Weight (Ibs) 106.200 1644
and area of contact. There is also a ‘simi - Weight (1h ‘
relationship between area and height ( Fig. 4). A"tm)’" _ 65123 | -
Age (ym.) 1T 38
Height (in.) 62-78 0.3
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Figure 3. Plot of sittin area us related to weight and -Figure 4. Plot of sittin ares a related to height and
Foe Subjects) . : age (10 Subjects)
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~ Table II. Height, Weight, and Age of Subjects
 Weight

Number

1
1
3
-]
11
%
21
11
8
9
s
8
1

Weight

106
108
110
112
114
120

Number

—uunul—unl-nl-unnnnaunNhuuﬂnhnl—ut—n-—hnl—-———aau-

170
171

Number Age

|-|—n-u-u-n-n:—u—u-—u—nuuo—nuﬂmuﬂﬁhhhnb

17

18
19
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Number

_HUH‘HP—ONI—DUHHH‘IHNFHlﬂl-'l-'ﬂﬂﬂl-luuwﬂﬂﬂlﬁ‘n&ht—ﬂﬂl—ﬂﬂlﬂ



Ty

1L VARIATIONS OF THE SITTING CONTACT AREA
WITH MAGNITUDE OF EXPERIMENTALLY .
APPLIED FORCES '

Each of the nine subjects was supported over
a transparent sitting platform by means of a
special chest hamess and lowered stepwise so
as to make the platform scales read 5, 10, 15,
20, 40, 60, 80, etc.,, up to total body weight
After the scales supported the subjects’ total
weight, loads on the sitting area were further
increased by having him hold additional
weights in his arms (namely, 20, 40, and 60

E;J’unds). Contact area tracings were made

each increment of weight and are presented

in Figure 5. Very large weight loadings on the

buttocks and thighs, such as are produced by
the vertical component of force in a crash, were
not investi 3tedI.)m However, it may be noted
in this study shat man reached his maximum
supporting area with his own body weight.

1

Table IIL. Subjects for Phase II

Subjoct dge Helght Welght
1 g 172" 172
2 .3 06" 1%
3 " 28 " 209
4 35 , 88 /178

8 a1 'y /U3
6 23 ¥ 1m0
7 M n* 200
8 41 63" 151
9 30 68" 120

Averege agt €9.7 1784

it iR L H
!“‘l. LR I

WENHT in Posnde
Figure 5. Amof(;it;tng]:iswightm
The nine subjects used in this study fell with-
in the age-weight-helﬁht range o!y the total
in the seated position.

group of subjects t
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IIl. STUDY TO DETERMINE DISTRIBUTION OF
PRESSURE OVER THE SITTING AREA

Table I of this report shows that average sit-
ting pressure ranges from .69 to 1.23 Ibs/in® but
Hertzﬁé'l'}"’ has pointed out that sitting pres-
sures under the ischial tuberosities may be as
high as 60 Ibs/in®. This phase of our study was
was conducted to extend the above observations
2; determining distribution of pressure over

e entire sitting area,

Prints (Fig. 6a and 6b) were made of sitting
pressure distribution using absorbent paper over
inked corduroy cloth. Density of ink transfer
was callbmt:c?' in Ibs/in" and the sitting pros-
sure prints evaluated using a photometer.

Repeat prints of a single individual showed

. the technique of inking the cloth to be reliable

- and reproducible.

Four areas of density were established:

Area I — Very black = 10-60 Ibs/sq. in. Since
the inking became solid with 10 Ibs. or over
it was not possible to define the upper limit
of pressure. However, H found max-
imum pressures in very small areas under the
tuberosities to range up to 60 Ib/sq. in.
Hence, we assume that solid black areas re-
present pressures between 10 and 60 lbs./sq.
in.

Area IE — Dark lines alost mergig = 4-9 Ibs/
sq. in. _ k

Area III -Dark lines deparated by distinct
white lines = %3 Ibs. sq. in. |

Area IV — Dark lines incomplete = 1/8:1/2 Ibs/
5q. in. ' ’

Results on 5 subjects are préented in Tables -

IV and V.

Figuuﬂb._sttthgm ":nmb]eet;vitlmat

Averages for the group show nearly half of
the body weight is concentrated on % of the
sitting area. This hj area is located
under or adjacent to the ischial tuberosities.
In some individuals, because of differences in
body structure, this percent of weight concen-
tration ran as high as 703 while in others the
highest pressure readings found in the entire
sitting area did not exceed the limit of Area IiI,
i, 3lbs/in* (See Fig. 6b). .



Pressure

Per cent
of total

Table IV. Summary Data of Sitting Pressures

sitting.- ..

Location

Table V. Subjects 1, 2, 5, 6, 8 of the Precedin

-Adjacent to

Aréa 1 Area I
10-60 Ibs/in* 48 ibs/int °
35 45
Under ischial Near
tuberosities heroxities

Experiment.
Arvea |
Subject 10-60 Ibs.
Area Wt
1 8.96 88.22
2 0 1]
5 0.96 10.12
'8 8.59 8%.12
] 562 68.04
Avenge 448 (5150
Average 1.
Pressure . Ib/in®

Area I
4-9 Ibs.
Area Wt
9.71 3648
0 0
3.67 2568
346 2030
12.71 4448
L.%:]1 27.18
4.80
Ib/in®

£

Area 11

%3 Ibs/in*

<40

pesiphery

Area 11

%3 lbs.
Area Wt.
33.57 30.5%
89.42 134.13
53.42 168.90
20.70 30.70

9.75 19.50
4317 76.73
1.78
s Ib/in*

- Areg IV
%5 ibs/in®

Peripheral

58.0

g Test were Used in This

Area IV
5% Ibs.
Area Wt
78.091 18.78
3114 20.80
78.81 38.30
7L51 24.88
107.94 26.98
73.33 259
0.354
b/in®



IV. EVALUATION OF THE USE OF CHAIR ARMS, SEAT
~ BACK, AND FOOT REST AS AIDS FOR REDUCING
o SITTING PRESSURES.

. -Contact areas were made of individuals  (15° back of vertical) were added individually
“seated relaxed on a transparent platform and  and in various combinations to determine their
weight readings made from the supporting effects on reducing body weight on the plat-
scales. A foot rest (18" below platform), chair  form scales. Results are presented in Table VL.
arms (9” above platform), and a chair back . :

-Table VI. Reduction of Body Weight on Sitting Area by
: Adding Chair Arms, Back Support, and Foot

Rest to Sitting Platform.
Experimental Weight Loss
Arithmetic Addition of
Singularly : In Combination Individual Accessories
S Loss of Bod Sitting Loss of Bod Sitting Loss of
Plé;f% Weight o w.é'm on WeightB::y
with — Sitting Area with — Sitting Area  with — Sitting Area
Foot Rest geh:tnm (1) and Footll::m (1) and l:.:;
ouly (1) 184 irArms  {2) 30.8% Chair (2) lms’
Chair Arms Chair Arms  (2) and Chair Arms  (2) and 12.4%
only {2) ) 12.4% C)nlrnlck (3) 18.4% Chair Back (3) 4.4%
. K . 18.8%
Chair Back ‘ FootRests (1) and . FootRest (1) and 18458
only (3) 443 Chair Back (3) 31.3% ChairBack  (3) 4.4%
! ' bR
Foot Rests (1), FootRest (1), 18.4%
' Chajt Ams  (2) and ..+ Chalt Arms (2) and 12.4%
r qmblhck {3) o du4g Chair Back  (3) "3;*:



While addition of these chair accessories may
reduce body weight on a sitting platform by

. more than 1/3, it does no follow that the aver-
~ ag. sitting pressure is reduced by a correspond-

ing amount. Figure 7 presents a comparison of
weight, area, and average pressure for each of
the sitting conditions. '

SEAT SUPPORT|SEAT SUPPORT |SEAT SUPPORT [SEAT SUPPORT
ONLY WITH ARM REST| WITH ARM RESTIWITH. ARM REST
FOOT SURPORT {8 FOOT
8 SEAT BACK SUPPORT
, | ' — s
. . Pressure | J S -4 =
» i : ' 5
2160— ‘ ! —1.6
£ : : 5
2 — : : -
-3 - : : -
& 30— ||| Weight 5 —.2 s
. 1
c2 ? —_———t . ~
hy -~ — ' M —
oc : H I
£ ' :
i- § 80— : e —0.8
40 | | | lo.e
Figare 7. Relationship of weight, area and pressure in various seating arrangements
Table VII.
Subject Area on Sitting " Sitting Platform with Sitting Platform with Sitting’ Platform
Platform only ' chair back, foot rest chair back end with chair erms
. . and cheir arms . foot rest
4 Averege . Average Acerage
Weight  Arsa  Presmure Weight  Ares ' Premure Weight Aros  Preswrs Weight Arca Pressurs
| 55 1003 0567 © 98 el 1576 113 821 1376 1335 1611  0.860
3 145 2128 1ol 130 €92 1877 148 T84 1838 1925 2084 0533
4 173 1707 1023 100 583 LT7S 122 5583 2100 158 1771 0.838
S 47 148 1209 850 1741 173, B4l 2056 208 3044 1105
8 180 1142 1032 083 520 3030 123 360 21095 1515 1699 0892
7 29 1873 14386 1793 1007 L782 192 693 1938 230 1889 1323
8 1% 1786 0379 845 536 1441 111 715 1553 1278 1768 0722
8 ur 1537 0781 77 | 386 2103 98 102 1535  0.669
Aveage 1803 1789 LO47  1154 . 6% L7938 135 753 1884 1675 1796 0.020
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